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Lung Cancer Mortality Among Workers in
Formaldehyde Industries

We have reanalyzed data from a
National Cancer Institute study of
workers exposed to formaldehyde.'
Although analysis of the entire co-
hort was not our primary focus,” we
decided that, because of the contro-
versies regarding the lung cancer
findings in this dataset,>™'® the issue
should be examined. Our results are
presented here.

We used multiplicative Poisson re-
gression'* to investigate the relation-
ship between cumulative formalde-
hyde exposure and lung cancer
mortality (n = 279 lung cancer
deaths) while controlling for age,
calendar year, race, sex, and salary
status (hourly vs salaried). There
were 590,126 person-years of fol-
low-up for the cohort. The results
when the 904 workers with unknown
salary status were included in the
hourly category are shown in Table
1. The relative risk was slightly ele-
vated for each cumulative exposure
level. All confidence intervals in-
cluded 1.0, and no dose-response
trend was apparent. The relative risk
estimates were 6 to 10% higher when
looking only at white men, who
made up about 80% of the cohort.

Repeating the modeling, exclud-
ing workers with unknown salary
status, resulted in relative risks about

5% lower than those in Table 1.
Using proportional hazards regres-
sion in place of Poisson regression
provided essentially identical results.

Our findings more closely match
those reported by Blair et al' and
Marsh et al”'° than those in any of
the analyses by Sterling and
Weinkam.*®'' In their corrected
“re-reanalysis,”!! Sterling and
Weinkam reported relative risks for
the entire cohort of 1.0 (referent
category), 1.15, 1.13, and 1.49 for
increasing cumulative exposure cat-
egories.

Part of the discrepancy may have
occurred because our analysis dif-
fered from that of Sterling and
Weinkam in several respects:

e We used the cumulative exposure
categorizations utilized by Blair et
al' because it appeared that the
categories used by Sterling and
Weinkam resulted from a misread-
ing of the methods of Blair et al, in
which each job at each plant was
assigned an estimated 8-hour time-
weighted average formaldehyde
exposure based on the categories
(in ppm): trace, <0.1, 0.1 to <
0.5, 0.5 to < 2.0, =2.0.

e We did not control for length of
exposure because of concern about

colinearity when multiple time-de-
pendent variables are included in
the same model.'?

e We did control for calendar year.
The original analysis by Sterling
and Weinkam was criticized for
not including this variable.’

e We did not fit any models restrict-
ing the cohort to workers less than
65 years of age.

However, these differences proba-
bly do not explain all of the discrep-
ancies in findings, because when
Marsh et al”"'® attempted to replicate
the results of Sterling and Weinkam
by using the same data-management
decisions and regression model, the
relative risks they found were not the
same: 1.0 (referent category), 1.32,
1.11, and 1.29 for the increasing
cumulative exposure categories.

It is somewhat remarkable that,
despite the different types of analy-
sis, model variables, cumulative ex-
posure categorizations, and data
management choices, most of the
analyses conducted using this dataset
have found a similar pattern of re-
sults—a small, usually nonsignifi-
cant elevated risk of lung cancer for
some subsets of workers exposed to
formaldehyde, but no clear dose-
response trend across cumulative ex-
posure categories. In all of the anal-

TABLE 1

Poisson Regression Results for Cumulative Formaldehyde Exposure vs Lung Cancer®

Cumulative Exposure (ppm/yr)

Subjects 0 0.05 to 0.5 0.51 to 5.5 >5.5
RR RR 95% Cl RR 95% ClI RR 95% CI
Entire Cohort 1.00 1.37 0.83t02.26 1.18 0.72 to 1.94 1.25 0.75 to 2.08
White Men Only 1.00 1.46 0.81 to 2.61 1.27 0.72 t0 2.26 1.38 0.77 to0 2.48

* ppm/yr, parts per million per year; RR, relative risk; Cl, confidence interval.
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yses, there may be underestimation
of any increase in lung cancer risk
because of nondifferential misclassi-
fication of formaldehyde expo-
sure,'® but, in some at least, there
may be overestimation because of
the healthy worker effect.’”

Besides the disagreement about
the actual findings for formaldehyde
exposure vs lung cancer mortality,
other disagreement concerning this
dataset has centered on whether the
results are indicative of a causal re-
lationship between formaldehyde
and lung cancer. After a certain
point, continued scrutiny of one par-
ticular study is probably less produc-
tive than examining the findings
across different studies, as in meta-
analyses by Blair et al'® and Par-
tanen. '

Peter W. Callas, PhD

Harris Pastides, PhD

David W. Hosmer, Jr, PhD
Department of Biostatistics and
Epidemiology

School of Public Health and Health
Sciences

University of Massachusetts
Ambherst, MA
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Callas et al' may indeed have laid
to rest a controversy regarding the
magnitude of the lung cancer risk in
the data file, so generously made
available to others by Blair et al from
their study on mortality among in-
dustrial workers exposed to formal-
dehyde.” Callas et al concluded that
their own findings more closely
match those reported by Blair et al®
and Marsh et al® than by us in our
analysis of the same data.*> How-
ever, the risk ratios reported by all
investigators are all elevated only by
a relatively small, and certainly not
significant, amount.

Originally, our intention was to
point to the need of adjusting for the
healthy worker effect (HWE). Blair
et al, in their original article,' had
referred to their observation of a lung
cancer standardized mortality ratio
(SMR) of 0.5 among salaried work-
ers (that is, among workers who
received the least amount of expo-
sure to formaldehyde) as a “deficit.”
We contend that a SMR smaller than
1.0 in an unexposed or a less-
exposed control group indicates the
need to adjust for the HWE. How-
ever, our efforts to control for the
HWE did not result in a substantial
change or a convincing increase in
Tung cancer risk.

Unfortunately, the arguments of
major importance to the various con-
tenders were whether the data of
Blair et al demonstrated a “signifi-
cant elevation” in lung cancer risk
rather than whether their analysis
ought to have been adjusted for the
HWE. We were sidetracked from the
central argument concerning the
HWE to asking if the failure of Blair
et al to find an exposure-related trend
as we did was a result of restricting
their analysis to white men and white
male hourly workers only, and to a
possibly larger misclassification bias
than ours because of their use of a
less precise exposure computation
than those that we used. Callas et al

furnish an answer, in part, by showing
in their table that analyses for both the
entire cohort and white men only result
in an elevated relative lung cancer risk.
This finding however does not entirely
settle the matter because first, our find-
ings were based on a slightly different
data management procedure than
theirs, and second, a lung cancer trend
among white men can also be seen in
Table 3 of the article by Blair et al.”> In
that table, lung cancer relative risk for
white men varies from 1.0 for no
exposure, to 1.66 for formaldehyde
exposure of 0.1 ppm, to 1.59 for expo-
sure of 0.1 to 0.5 ppm, and to 1.78 for
exposure of 0.5 to 2 ppm. These rela-
tive increased risks are based on an
adequate number of observations (14,
35, 70, and 125 deaths, respectively).
Despite these convincing results, Blair
et al unaccountably did not accept
these findings as demonstrating a lung
cancer trend among white men be-
cause workers in the highest exposure
category had a low lung cancer risk of
0.79. However, that relative Iung can-
cer risk was based on only six deaths
and might be considered an outlier by
some investigators. Certainly we
would do so, particularly in light of the
fact that the assignment to exposure
categories necessarily results in mis-
classification, which in turn can result
in a nonmonotone risk trend.

Marsh claimed that he had re-
peated our analysis but had come to
different conclusions. An exchange
of information as to our respective
procedures was arranged through Dr.
Stan Dawson of the California Office
of Environmental Health Hazard As-
sessment (S. Dawson, personal com-
munication). After review, it turned
out that Marsh may not really have
done a comparable analysis (S. Daw-
son, personal communication).
Moreover, a third analysis, that of
the American Cynamid Company’s
Wallingford Cohort Study conducted
by Marsh et al, had not then been
published. However, there is a re-
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lease on record of prepublication re-
sults for the Office of Toxic Sub-
stances of the U.S. Environmental
Protection Agency on May 3, 1991,
which revealed that Marsh shows
that a statistically significant rela-
tionship exists between lung cancer
SMRs with formaldehyde exposure
of 0.2 ppm (with and without con-
current pigment exposure) and with
duration of formaldehyde exposure
among white men.’

This whole affaire formaldehyde
emphasizes one more issue—unfor-
tunately, one also of controversial
nature—the dubious role of confi-
dence intervals and significance test-
ing in scientific decision making.
Blair et al,? Callas et al,' and Marsh
et al® seem to favor a strict interpre-
tation of confidence intervals, which
discounts the results of a relative risk
calculation if the lower boundary of
the confidence interval around this
risk is less than 1.0. This concept of
statistical significance has been gen-
erally adopted by regulatory agen-
cies and in litigations and hearings.
An effect is not considered to be
demonstrated unless the probability
that an observed risk, as a result of
chance, is less than 1 in 20. This idea
of a biological effect not having been
demonstrated unless the statistical
significance at the 5% level or better
has been achieved plagues scientists
both inside and outside the court-
room. Its use creates a misplaced
impression of a relationship between
statistical tests and scientific impor-
tance. In their 1989 review of what is
deemed important scientific litera-
ture, Kruskal and Majors conclude
with “we were depressed by the fre-
quency of use of statistical signifi-
cance as a measure of relative impor-
tance.”® Even more depressing is our
failure to find among more than 1000
medical and psychological published
research studies even one study that
rejected Hy (ie, the “null state™) for
their major hypothesis when ob-
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tained significance was larger than
but still close to the conventional
P = 0.05 (eg, 0.06 to 0.10).”

We questioned the usefulness of
this interpretation of the confidence
interval, which in fact contains less
statistical information than the re-
porting of the actual significance
level (P) and the criterion of P =
0.05 as a rigid division between hav-
ing observed and not having ob-
served an effect of some antecedent
conditions on some outcome vari-
able. A more flexible approach needs
to be adopted in which a scientific
finding is accepted or rejected on the
merit of the work on which it was
based and not only on the probability
that an observation as large or larger
or as small or smaller than the one
observed would be the result of
chance. Actually, the significance
level used in confidence interval cal-
culation is sometimes not used cor-
rectly or consistently even by its
adherents. In recent studies, both the
Occupational Safety and Health Ad-
ministration® and the Environmental
Protection Agency’ have used a
90%, rather than the customary 95%,
confidence interval. Also, Callas et
al ought to have used a one-tailed not
a two-tailed criterion for the calcula-
tion of confidence intervals. There is
no a priori reason to suspect that
exposure to formaldehyde leads to a
“decrease” in lung cancer risk. Con-
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sequently, the confidence intervals
reported by Callas et al really are for
a 97.5% confidence interval.

Considering all arguments of
merit, the conclusion of Callas et al
appears to be the most reasonable in
that despite the different types of
analyses, model variables, cumula-
tive exposure categorizations, and
data management choices, most of
the analyses conducted using this
data set have found a similar pattern
of results—a small elevated risk of
lung cancer for some subsets of
workers exposed to formaldehyde
and a possible dose-response trend
across cumulative exposure catego-
ries depending on the type of analy-
sis used. Nevertheless, despite the
difficulties of this interpretation,
Blair et al support a positive associ-
ation between formaldehyde expo-
sure and lung cancer.
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Reconciling the reported analyses
of the National Cancer Institute
(NCI) cohort of workers exposed to
formaldehyde' is complicated be-
cause the different decisions made
by the various authors about which
workers to include in the analysis
yield discrepant numbers at the out-
set. For example, minor discrepan-
cies in the person-year counts would
be expected according to how uncon-
firmed deaths, missing vital status,
missing racial data, and missing job
status are handled in the analysis.
Even though Blair et al,' Marsh et al,>
and Callas et al®> each reported 279
lung cancer deaths, the corresponding
person-years ranged from 587,174' to
590,126.3 The 617,557 person-years
reported by Sterling and Weinkam®*
could not be replicated.”

Using different cutpoints to cate-
gorize formaldehyde exposure intro-
duces further noncomparability in
the parameter estimates across the
various reports. However, a non-
statistically significant elevation in
lung cancer risk for all formaldehyde
exposure categories above the base-
line with no evidence of trend has
been reported by several authors.' ™
The data are consistent with a some-
what reduced risk and also with an
almost twofold elevation in the risk
of lung cancer for workers exposed

to formaldehyde at all levels above
baseline. This result persists whether
the analysis is limited to white men,
all men plus white women, or the
entire cohort either including or ex-
cluding workers of unknown job
type. This is not surprising as 76% of
the cohort is comprised of white
male workers of known job type. A
reported “significant trend of in-
creasing risk as a function of expo-
sure™ could not be independently
confirmed.’

Any limitations in the quality of
the original formaldehyde exposure
data and any selection biases present
in the NCI cohort permeate all of
these reanalyses. Callas et al® sug-
gest the possibilities of nondifferen-
tial misclassification of exposure and
a healthy worker effect. A meta-
analysis of several studies with the
same limitations will not address ei-
ther of these issues. Furthermore,
because of its size, the NCI cohort
will necessarily dominate a meta-
analysis. Specifically addressing
these issues in the analysis of exist-
ing studies could provide a direct
assessment of (1) how sensitive the
study findings might be to misclassi-
fication, and (2) whether healthy
worker selection factors are in fact
biasing study findings.
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